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A bstr a ct
ln mo st studie s c onc eming the ba sic a nalysis of spe ctralrenectanc e of,vegetatio n s u rfac e･
only visible, n e arin丘ar ed, and mi d dle infrared im age s h m s atelite view s･ i･e ･ ･ LA NDSA T･
sp o T, etc. , a re anlyzed. ¶1 er malinfrared im age s, tho ugh, sho uld alsobe usedto indic ate 血e
chara ctedsdc s ofits r adiant te mper atu r edistributio n of u rban v egtado n, 血o m the poht of 血e
deterioration of die u rba n･therm ale n vir o nm ent. This pape rdes cribe sthe r e sults of dl e an alysIS
u sing highre s olutio nim age s of m ulti-ternpo ralairbo m e multi-spe ctr al
'
scan ner(MS S)data･ The
relatio n shipbetw e e nthe radiant tem per attLre distributio n of urba n v egtation and the a
rea of e a ch
gro up of v egetatio nis inv estigated, c onside血g w e atherpar a m ete rs･ i･ e･I in cide nt s olar r a
diation
and airtem per ature. Furthe rm o r e, the relationshipbetw ee n the nor malizd v egetatio ninde x 即 Ⅵ)
and thete mperatu re of urb an veget且don isindicated1
1. IN T RODUCT IO N
In re c e ntye ars, theimpo rtan c e of u rban v eg tadon ha v ebe e nre
pre c ogniz edfrom tll epoint
ofpr ev entingto deterior ate dle ufban clim ate･ T he effect of dbclh ing 血e airte mperatu r eby a
large land co v erwidl Vegetatio nis being proved by lots of investigatio ns or me a s ur e m e ntsI
How eve r
,
there are alot of sm allgroups oftrees in u rban are a s, i･e･ , the roadside tre es or
shrubbe ry, s othe c o ndition of v egetatio ndistributio nisdiffe re nt丘o m 血at ofeitherfo r e st a re a o r
agre en tra ct of la nd･ Itis veryimpo rtant toprove the effe ct ofpr e v e ntig the detedoration ofthe
heatisla ndphe no m enon bythe s mallgroups oftrees･
satellite re m ote se nslng lS Ofte nirlfo r med for the in v e stigatio n of stlrfa c ete mper atu re
distribution of ale V egetation or the activ ated degre of the vegetation･ In the past, the basic
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studies of cha r acterisdcs ofspe ctralrene ctance w ere mainly c amied o ut with the range of visible
or ne arinfrar ed using s atellite re m ote sen singdata, i･e･ , L A ND S A TorS P O T･ 0 nly thelarge-sc ale
gre e ntr a ct of land c a nbe handled be c a u s ethe spatialr es olution islo w･ The char a cteristic ofdle
r adia nt te mper atur edistribtLtio n ofagro up oftre e shas n
'
t m ade cle ar.
A gro up oftre es which e xistsin utbal ” r e a Sis fo cused o n_
in dlispaper. The chalaCte ris血
ofthe r adiant te mper atur edisbibutio n of agr o up ofb
.
e e s which isprojected onthe m ulti-te mpo ral
airbor n eM S data with l･9 m ofspatial.
re s olution is clarified･ An d it s als o m ade cle arbyim age
Pro cessingthat the radia nt te mperatur edistribution of thetr e e crow n s urfac eis distinguished by
the a re a, 血e sharN5, n Orm ali2Cd v egetatio nindex and the w eathe rparam eters･
2･ 0 8SE R VATION OIJT LIN EOF AI R BOR N E MUL TI･SP ECTRA LSCA NN E R DATA
A NDAN A NALYSIS O FA CT U A L I)ISTRⅡlU TIO N O F V E G E TA TIO N
To analyz c die dillm al or the an nu al cha nge of al e SpeCtral char a cteristic of u rban
v egetatio n･ w e us eairbo m e M S S data obs erv ed at n oo n a nd at the sun s et o n a cle arsky dayin
s u mm e ra nd inwinter. nle SpeCiGcation and the obs er vation o utlin eof the airbo m e M S Ss en sor
ar e sho w nintable 1. The char a cteristic s of obs e rv ation data are a sfono w s.
30 3 2 34 36 38 4 0 4 2 4 4
R左dia ntte mpe ratu re(℃)
Fig･ 1 An e x a mple ofa the r m alim age obtain edby airbo rn eM S S
(Angu st9, 1987, I3.･4 7- 13:5 4)
1b
(white=tr ee s. gray= grass, black= othe rlaJld cov er)
Fig･ 2 Train lngim age of v egetatio ndistributio n
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.I)T he sm all
-s c ale vegeLaLio n･ i･e･ ･ the r oadside
tre s arid the shrubbery could be obs erv ed･
bec ause Of l･9 m ofspatialre solutio n･
2) The dynamic r ange of the radia nt
te mperatur e of tlrba n v egetatio n c ould be･
.btairLed dealing with daytim e and nighttim e of
ale.S um me rand ofthe winte r sea sorl･
ln the analysts Of the airbo m e M S S
dler mal im age s, the trahing im age of the
v egetatio ndistributio n w a s made on the M S S
,
im age to gr aSP 血e shape ofa gr oup oftre e s･
based o n di e ae rial c olorphotogr aph and the
ground rese arch･ An exa mple of inf
ra red
dler m al im age s obs e rv edby al e airbo m e M S S
is show nin thefigure1, anddietrainingim age
is sho w nin figu re2. Three c ategorie s, i.e ･ ,
tre e s
, .la wn a nd gra s s w e r ed ciphe red by
w atch ing fo r making- up trainlnB 15
image･ ln this paper, only tr e es are
a nalyzed. Al tho ugh mix els which
c o ntains bo血 vegetatio n a nd o也e r
m ateri als e xistin the airbo me MSS
im age. mix els a re n ot des cribed o n
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Table 1 OutliTted airbor n eMSS
obs e r v atio n a nd w e athe rdata
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this paper. T he minim um unit of
vegetatio n which w as de alt withon
the a n alystsis dle 1 c entralpI Xel or
0
the3X3pixels of v egetatio n･
Figu re 3 sho w s the actual Fig. 3
distribution of e ach group oftree s
irldletargetfield. A cu m ulative histogr aJTlis
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耳istoga m ofgr ollpS Oftre e sfr o ma point ofthe are a
als oindic ated･ T he freque n cy ofthe groups oftre s
with m ore tha n80m
2
is v e ryhigh. That m e ans w eca n n ot re cognl Ze urban v egetatio ndislributio
Il
e v e nifw e u se SP O T data.
3. R E LATi O NSEu PBE T WEE N N O RM ALIZ EI)V EG ETATIO N I ND E XAN D RADIA NT
TE MP E R ATtJRE O FA G R O UP OF TRE ES
T he activated degree and thele afde nsity ofthetre ecrow n have m ainlyin瓜
ue n c e o nth9
no rmali2d v egetatio ninde x(N Ⅵ) whichis calculatedfro m visible a nd the
ne ar in frar ed data･
弧ditis expe cted that the r eis go od c orrelatio nbetw e e nN VIa nd
the radiant te mper atu re of dle
tre e c r o wn s･ Figu re4 sho ws the relatio nship betw e en
tlle a v e rage Of N Vl a nd the a v erage of
radiant te mper atu re of e v ery group OfI- ee s･
T ho ughthe correlation c oefrlCient witllO17 is c o mpa rativelyhigh ofthe daytim ein s
um m er･
sm allgro ups oftrees vary wi dely･ At night, the mdin nt te mperatu r
e of m o stgro ups oftre e s are
- 109 -
abo ut1 degreelow er tha n the airte mpe ratu re for the re a s o n ofthe sky r adiation, s o the radiant
te mpe ratur eis hardly related widl N VIa nd die a re a Of a group oftree s. AIs o NVI in winter
s e a s o nis low er tha ndlatin sum n le r S eas o n
,
a nd n o rehtio llShip exists betw e llN V7and the
r adiant te mperatu re･ N VIvahe ald the a rea of a grotlP Oftre e s c a nbe the param ete rswhich
distinguishesthe radia nt te mperature of a.gro up oftre e s･
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Fig･ 4 Relatio n shipbetw e e n a v e r aged N VIa TId a v e r aged
radiant te mpe r atu r e ofa gro up Qftre e s
4. C 且AR A C T E RISTICS O F R Al)IANT TEM P E RA TU RE D IST RI BUTIO N INA GROU P
OF T R E ES
Itis e stim atedthat 也e distributio n s of N VIand the r adia nt tem peratur e existin o n egroup
oftr e sfrom thefollowing points.
a)T he s urfa c e of agr o up oftre e sis u n e ve n, s obodl the shadedpart andthe s u nlitpa rt are show n
in M S S 血ermal im age s.
b)The c erlte rPart Of a gro up oftr e e s sho wlo we rte mper atu rein M S Sthe rmalim age s, be c a use
thelargerthe s cale of a gro up oftr e e sis, thelo w e rthe airtempe r atu ren e arthe c e nter ofthe tre es
is.
We v eri fy a) and b)using thethe m al in frar ed im agesobs e rved byairbo m e MSS.
1)Relatio n ship betw ee n the s u nbe a m ve cto r･a nd the radia nt tem peratu re of the edge parts of
tr ees
Tl-e relatio n ship betw e en the averaged NⅥ aTldthe av er aged radiant ter nperatロr e at the
edge of a gro up oftre es u sing airbo rne MSS data obs er ved atdaytim ein s u m m e r, is sho wllin
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figure5, dividing
into the s ull it side a nd
the Oppo site side･ T he n egative
correlation e xists, a nd the s unlit side is
about 2
o
C bigbe r 仙a n 血e shaded side
ev entho ughN V Iis s a me･
2).Radia nt te mpe rature distribution of a
gro up oftre es c o n sisted
of the shaded
a nds u nlitpixels
Figure 6 sho w s ahistogr a m of
radiant temper atu r eOf a group oftr e e sI
compa n Tlg the m ode valu e･ the radiant
temperatur e ofthe first plXels fa cing to
the s u nat the edge of a group oftre es
show s 2
o
C higher than the air
te mperature･ T he differ e n c eis wi 也in l℃
at tw o,or dlre Pixels in side･ s othe fa
r
fro mthe edge of a gr o upis, the smaller
the temperature diffe r e n c ebetwe e nthe
radia nt te mpe ratur e and the air
te mper atu r eis･
Figu re7 show s the histogra m of
a v er aged r adiant tem per atur e diffe re n c e
betw ee n dl at Of s unlit side a nd dl at Of
shaded side of a gr oup of tr e es･ T he
radiant tem perature is higher than the air
te mpe ratu re at the pixels which ar e clo s e r
to the edge of a gr oup oftr e e sa nd the
in ciderltS Ola r radiationisla rge.
5. CE A R AC TER ISTIC S OF
R AD IAN T
I)IST R IB U T1 0NS
V EGE T A TIO N
REL A TIONSHIP
PA R A M E T E RS
T E M P ER ATU RE
OF U RI‡AN
A N D IT S
TO W E A TⅡER
The s en sible he at 刊u x from a
gro up of tree s is inv estigated in this
chapter･ Figu re 8 show s the relatio n ship
betw een the dirre e n ce of ule radiant
te mper atur e a nd dl e air te mpe r atu r eof a
45
i)
A 40
4)
E]
亡匂
お 35
h
畠
･B30
月
o Su nlitpartofedge
＋ Shadedpart ofedge
■
f＋l
●
:I r=･ :.
.
':.._▲
'
.
-
o･ 2 貼 b･
6 0･ 8
Fig. 5 Relatio n shipbetw e e nⅣⅥ and r adiant te mpe rab r e
atthe fir stpix elfr o mthe edge pa rt ofa group oftr e e s
100
血 te mp.
= 31.4℃
宗
a
宕
:コ
t⊃1
A)
良
2ndpixels fro m
the edge
3fd pixels かo m
the edge
30 32 34 36
Radiant te mperatl汀 e(℃)
(m ode ≡ 100)
38 40
T hinline: s u山itside
Thickline: sh dedside
Fig. 6 E istogr a m ofthe radia nt teTnPe r atu r e at e adl
plX els in 畠ide Lr oTnthe edge ofa grollp Oftre es
川○
室
8q
& 60
日
旨 40
V
i+
FL1
2O
O
(m ode - 100%)
-2 0 2
Te mperatur edi飴re n c e(℃)
1stpⅨ els 丘
･
orn the edge
2ndpixelsLrom tll e e (tee
3r(1pⅨ els 丘
.
om the edge
Fig. 7 Iiistogr a m ofthe diffe r e n c eb tw ee rL
tlle radia nt te mpe r atu r e ofs u nlitpa rt al一d
that ofshaded partin agr o up oftr ees
- 111-
group of trees, and the s olar
r adiation in cident upo n a
horiz o ntal surfa c e. W e adle r data
w as m e a s ured at the rooftop of the
buildiTlg in the center of
Yuriga oka, Kaw a s aki City, Japa n
At no on, the differe n ce
betw een averaged radia nt
te mperatu reat the s u nlit edge of a
gr o up of tr e es and the air
tempe ratu re is the
' la rge st value,
i.e . , the c entralvalu e of abo ut3
o
C
a nd m axim u m abo ut 6
o
C. The
a v e r age and the dispe rsion sho w s
s maler atthe shaded edge, a nd at
the o n epIX el insidefrom the su nlit
p=
El
岳
･B
I
h
∈
色)
盲
I
B
a
.3
711W/也
I
- - 1 - J l
1
3 7.1
1stplX els 丘
.
o mthe e【1ge
ofs u nlitpa r卜
2nd Dixels 血)Jnthe edge
ofsu nlitpa rt
27.0
o w/m
且
Daytim e
(airte mp. = 31.4℃)
18tpix elsfr o mthe edge
3 4.7
ofshadedpart
3i12
_
_3 3.2
】2.6
T
13 1.9
In cidentsolar radiation
(W血1
2
)
血 or ethan4 thpix els B
'
o m the edge
Nigh 出m e
(air te mp. - 29.7℃)
Fig. 8 Relatio nshipbetw e e nthe radia nt te mperattJr e
ofgr o ups oftr e es and w e athe rpa ra m et r s
edge
l
ofgroup oftrees･ T he a v e r aged radia nt temperature ofpixelsloc ated at m o r edla n4 pix els
in side fr o mthe edge of a gro up oftre esis equ alto die air te mperatu r e. At night, the a v e raged
r adia nt te mper ahlr eOf a gro up oftre e sis 2
o
C low er dial-the air tem peratu re, be ca use of dle Sky
radiativ e co oling effe ct.
･ Tim e s e ries obs e Ⅳ atio n u slng airbo rne M SS ha slimitation, 也er efbr e 血e m e也od to
pre s u m ethe te mper atu redifferenc ebetw een daytim e and nighttim e obs e r v atio ndat且 is r equired.
Penz n an - M o nteithfo r m ula([8], [9])is pr opo s ed, asthe m ethod of fo r m ulatingdletre es heat a nd
m oistu r ebudget u singthe w e adle rparamete rs. T his for m ula include stw o re sistanc e v alu e s, i.e.
ae rodyn amic r e sita n c e r a at the cro w nsurfa c e a nd c an opyr e sita n c ercI T he diffe re nc ebetw e e n
die Su rfa c ete mperatul℃ Ofa gr o up oftrc c s and the airte mperatu reis sho wn a sbelow .
r a γ(1 ＋ rc/ra) (R山 一 G) e s(Ta) -e a
Ts -Ta ≡ ‾ ‾ ‾ ‾ ‾■ ‾ ‾ ‾ ‾‾ ‾ ‾ ‾ ‾ ` ■ ‾ ▲■‾ ‾ `- I - ▲■▲】 ‾ ■■■■■■● ■■‾■■ ‾ ■■■■■■■■■ ＋ ‾
p cp (A＋ γ(1＋rc/ra) ) A＋ γ(1＋rc/r a)
(1)
Ts: surface te mpe r atur e of a gro up oftr e e(K), Ta: air terrlPe ratu re(K), ra: aerodynamic re sis ta nc e
(s/m), rc : c anopy resistance (s/m), Rn : n et sky r adiatio n(W/m
2
), G: he at_c o ndu ctiorl tO dle
gr o und, p :den sity(kg/h
3
), cp= specific h早t(I/kgK), A: the slope of the tange nt of satu rated
vapo rpr es s ur e c u rve, γ : c o n sta nt of w et and dry bulb therm om eter(Pa侭), e s(Ta): s aturated
vapo rpr¢ss ul℃ atTa(Pa), ea: vaporpr ess ure ofthe air(Pa)
Using w e atherdata whe n 也e airbom e M S Sobse rv ation w asperfo r m ed in s u m m er, the
r elatio n ship betw e e nthe in cident s ola r r adiation a nd the differ enc e betw e e n the radiaJlt
temperatu re and the air te mperature w as calculated by the equ atio n(1) (Figu re 9). Asthe rc
valu e, the m ea stlr ed data of keyaki[10] w a s used･ Tho ugh both the air te mper atu r ete r m arid
relative hu n -idityterm are C O ntained in the rlglt Side ofthe equ atio n. the cu rv e show nin figure 9
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is as s um edto be astraightline. W e
have alre ady e x a mined the he at a nd
moisture budgets of law n -pla nting
are e xa mined a nd sho w ed that the
diffe renc e betw e e n
te mperatu r e of law n
te mperatur e is linear
solar r adiation [ll].
the s u血 c e
a nd the air
to in cide nt
T he sa me
re sults areshow nin the c as eoftre e
Crow n s.
Co mpan ng the diffe ren c e
betwe en Ale r adiant te mperatu re and
the airte mperatu r e of agroLIP Of the
trees of figure 8 to the
c o mputationalre sult of figu re 9, the
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Fig. 9 Calculated r e s ults ofthe differ e n c eb tw e e nthe 凱Irfa c e
te mpe atu r e ofagro up oftre es a nd the air te mpe ratllre
obse rved r adiant te mperatu re is about 2
o
C lo w e rthan the calc ulated te mper atur e1 1n the
m easure m e nt of the radiant te mpe rature ofthe ground s urfa c e, an in fra redspottherm om eter w a s
us ed, s othe calibr atio n err o r ofthe infr a red therr n om ete r can n otbeign or edin the m e as u re m e nt
re s ult. M oreove r, the air te mperatur ein the daytim e and nighttim eis c o nsideredto be higherCl an
dleair te mper atu re n e a rthe ce nter of a group oftre e s, be ca us ethe air te mperatu reat the w e ather
obse rv atory w a s m e a s u r ed at the ro oftop of a buildingin the city place . T hatis, the r e s ult of
figu re9 shows ade clin? effect ofthe air te mper atu r eby alarge group oftre es, which ha sbe e n
pointed outa s u sual･
占. C O N CL USIO NS
Usingthe airbo me M SS data obs er v ed in the daytim e a nd nighttim eboth in sum m er and
ale Winte r
,
the a ctu al spatial distributio n ofthe radiant te mpe rature of e v ery gro up oftree s was
inv estlgated fr o m也epointof the relatio n with 血e w e athe r c ondition. N VIv alu e a ndthe ar e a ofa
group oftree s c ould be the pa ra mete rs which distnguishe sthe radiant temperatu re of a group of
trees. Fu rtherm o re, ade clin eeffect ofthe airte mperature w as cla rified by alarge gro up oftre e s･
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